INrRODUCTION
Various N-substituted derivatives of heptasulfur imide have been prep&red by reaction of the imide with strong Lewis acids and with strongly electrophilic reagents [1] [2] [3] . A much wider range of derivatives is potentially available from reactions of the deprotonated imide, S 7 N • Olsen et al. [2, 3] were the first to report the use of S 7 N-in -2-the synthesis of alkyl derivatives. They concluded, partly because they were unable to deprotonate S 7 NH quantitatively, that the treatment of S 7 NH with bases causes an irreversible ring-cleavage reaction in addition to deprotonation. They also suggested that the S 7 N-ion is in equilibrium with an open chain isomer. In this paper, we describe a method for the quantitative deprotonation of S 7 NH, present data which help clarifY the nature of the ring-cleavage and isomerization, and report the synthesis of several new organo derivatives of S 7 NH.
EXPERIMENTAL
Rea ents and General Procedures.-Heptasulfur imide was prepared by published methods [4, 5] and purified by recrystallization from methanol followed by repeated recrystallization from carbon tetrachloride until the solutions were colorless and the S 7 NH melted· at 113-114° (lit. 113. 5°) : [5] . Methyl iodide, trifluoroacetic acid, potassium hydroxide, ethyl chloroformate, benzyl chloroformate, trimethylchlorosilane, boron trifluoride die~hyl etherate, and triphenyl tin chloride were all reagent grade ch~icals and were used without further purification. standard methods were used for the preparation of B(CH 3 ) 3 [6) and (CsH 5 ) 2 TiCl 2 [7] .
Pyridine was dried with KOH and distilled. Reagent grade carbon disulfide and carbon tetrachloride were used. Spectroquality hexane was used without further purification. Diglyme was distilled first from potassium hydroxide and then from lithium aluminum at reduced pressure.
Tetrahydrofuran was distilled fran lithium aluminum hydride. Para-
-3-dibromobenzene was recrystallized from ethanol and was found to melt To prepare solutions of K+S 7 N-for synthetic purposes, a solution of S 7 NH in tetrahydrofuran was treated with powdered KOH using an apparatus and general technique described previously [9] . The reaction flask was connected to a receiving flask by a tube containing a fritted disc. All operations were carried out with the apparatus flushed with nitrogen gas. Freshly powdered KOH (2-4 g ) and 25 ml of tetrahydrofuran were added to the reaction flask, cooled to about ~62o, and magnetically stirred for a few minutes; then 0.2-0.5 g of S 7 NH was added. The reaction mixture was stirred for 15 min and then filtered by removing the apparatus from the cold bath, inverting it, and applying a partial vacuum to the receiver flask. (During the filtration, which was complete in 5-10 seconds, the solution temperature did not exceed -35°.) The filtered solution was cooled to -78° and then treated with the reagent.
In an exploratory study of the reaction of heptasulfur imide with potassium hydroxide, a weighed amount of S 7 NH (0.2-0.5 g) was added to a stirred slurry of KOH (2-4 g) in tetrahydrofuran (25.0 ml) at -62°.
At various times an aliquot was pipetted from the supernatant solution and added to an excess of standardized trifluoracetic acid in diglyme at room temperature. The excess acid was titrated with standardized 0.100 M NaOH to an endpoint corresponding to the first persistent blue color. (The accuracy of this endpoint was checked by several titrations using a known amount of acid in the presence of some S 7 NH.) In a :;imilar study, aliquot:.; of the solution from the KOH slurry at -62° -4-were pipetted into excesses of CH 3 I (0.5-0.6 ml), and after evaporation the amounts of S 7 NCH 5 formed were determined by proton nmr spectroscopy using p-Br2C 6 H 4 as an internal standard.
A Varian 1'-60 was used for the proton nmr spectra. Samples were dissolved in CS.c:·, and the quoted chemical shifts are to low field of internal TMS. A Cary 14 spectrophotometer was used to record the uvvis spectrum, a Perkin-Elmer Model 137B Infracord Spectrometer was used to record the infrared spectra, and a Consolidated Electrodynamics Corporation Type 21-103C mass spectrometer (operated at 70 eV) was used to obtain the mass spectra. ~·-Ethyl chloroformate (1.7 g) was added to a solution of S 7 N-prepared from 0.37 g of S 7 NH. A procedure analogous to that used for the S 7 NC02CH2C6H 5 was followed to the point of evaporating the CS2 solution. The residue was extracted with a boiling 9:1 hexane-CS2 mixture; upon evaporation of the extract to about 1 ml, a dense yellow liquid separated from the solution. The solvent was decanted, and the extraction process was repeated until the infrared spectrum of the yellow liquid showed no peak at 3330 cm- ~--Excess trimethylchlorosilane was distilled onto a solution of S 7 N-prepared from 0.50 g of S 7 NH. The mixture was gradually warmed to roam temperature, agitated for about 10 min, and then ev~cuated to remove the solvent and excess (CH3)3SiCl. The crude product was dissolved in 29 ml of 50:50 hexane-CS2 mixture, and, in a dry box, the solution was filtered. upon evaporation of the filtrate to 2-3 ml, same ~NH (identified by its ir spectrum) precipitated. After filtration, the solution was evaporated to yield a yellow liquid. Further S 7 NH was removed by cooling a hexane solution to -78° and filtration. Evaporation yielded 0.10 g (15% :,ield) of the yellow l~quid. Anal. Calcd for ~NSi(CH3)3: C, 11.55; H, 2.8g; N, 4.49; S, 72.05. Found: C, 14.98, 13, 91; H, 3.09, 3.o8; N, 4.39; s, [70] [71] [72] [73] [74] . The following infrared bands (CGffs)3SnCl, B(CH3)3, BF3•0(C2H 5 )2 and C02 were investigated by procedures similar to those described above. No evidence of reaction was found except in the case of BF 3 ·(0C2H 5 )2 and C02. The crude products from the BF 3 ·0(C2H 5 )2 reaction were washed with pyridine and acetone to yield KBF 4 , identified by its ir spectrum [11] , in an amount corresponding to 0. 93 mol KBF.. 1 /mol S 7 N-. Some S 7 NH was isolated from the pyridine extract, but no other product was identified. When C0 2 was added to a cold K+S 7 N-solution, a white solid (presumably K+S 7 NC02-) pr~cipitated. Table I . Sufficient data were collected during the runs at -22 and 0° to determine that the S·;·NCH_1 yield followed a first-order decay law, with The percentage yields in Table I do not necessarily correspond to the equilibrium percentages of the S 7 N-in form I. For example, they would correspond to upper limits to the equilibrium percentages of form ! if both the rate of reaction of CH3I with form ! and the rate of conversion of form II to form I were greater than the rate of reaction
of CH3I with form II. We can only conjecture as to the nature of
form II. Probably it corresponds to an open-chain structure for S 7 N-, -+ --such as S=l't-Ss-S or S=S-S-N-S-S-S-S , or to a mixture of such structures.
When S 7 NH in tetrahydrofuran is treated with powdered KOH at -78°1 deprotonation is exceedingly slow. However, if the reaction mixture is first stirred at -62° for 2 or 3 min and is then cooled to -78°, the reaction proceeds rapidly enough to effect complete deprotonation to a yellow solution of K+S 7 N-in about 30 min. In fact this procedure is the only one we ~ow of for preparing a solution of K+S 7 N-which is not green or blue.
+ -
If a yellow solution of K S 7 N is warmed to -62°1 it soon turns green, and if warmed to 0°1 it turns blue. Cooling back to -62 or. -78o does not reverse the color changes. These results indicate that the S 7 N-ion of form 1 is yellow, and that the blue color is due to a decomposition product. Perhaps the blue decomposition product is the s~e as the form f! S 7 N-referred to above; however our data are inadequate to decide the point.
~eo hilic Reactions of S N .-Pure samples of ethyl and benzyl heptasulfurimidoformate were obtained from the reaction of S 7 N-(form !) with ethyl and benzyl chloroformates, respectively. The identification of these compounds was achieved by chemical analysis, infrared and nmr spectroscopy, and, in the case of S 7 NC0 2 C2H 5 , mass spectroscopy. We believe that it should be possible to prepare many analogous compounds by the same general synthetic reaction:
Although the compound S 7 NSi(CH3)3 obtained from the reaction of ~N-with (CH3)3SiCl was relatively impure, it was unambiguously identified by infrared, nmr, and mass spectroscopy. The infrared spectrum corresponds very closely to those of (CH3)2NSi(CH3)3 and H(CH3)NSi(CH3)3 [13] , except for the absence of bands due to CH3N
and NH groups and the presence of a band at 793 cm-1 due to S-N stretching. The nmr chemical shift is in the same region as that found for known -Si(CH3)3 compounds [14] . The similarity of the mass spectral fragmentation pattern to that of S 7 NC02C2H 5 and the observed parent peak at m/e == 311 confirm the formulation S 7 NSi(CH3)3.
The lack of reactivity of B(CH3)3, (C&H 5 )3SnCl, and (CsH 5 )2TiC~
toward S 7 N-can probably be ascribed to steric hindrance. 
